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(54) FUEL INJECTION CONTROL METHOD 

(57)Abstract: 

PURPOSE: To enable injection and supply of an optimum rate of fuel by 
performing linear approximation of fluctuation of an intake pipe pressure, 
and estimating an intake pipe pressure at the termination time of an 
intake process. 

CONSTITUTION: In respect to an ECU 1, pressure in an intake pipe is 
read by a pressure sensor 4, and an engine speed at that time is obtained 
by an engine speed sensor 21. Fluctuation of the intake pipe pressure is 
under linear approximation with inclination which is difference between the 
intake pipe pressure detected previous time and the intake pipe pressure 
detected this time. The intake pipe pressure at the termination of intake 
process is estimated from the fluctuation of the intake pipe pressure 
under linear approximation. A fuel injection rate at the injection time is 
calculated based on the estimated intake pipe pressure. An actual intake 
amount in a transient condition during acceleration of a car is calculated 
by easy computation. The intake pipe pressure is estimated when an 
intake valve 6 is closed. An optimum fuel injection rate is obtained based 
on this. Intake rate error is eliminated, which error is caused by signal 
delay at a noise removing filter arranged in a pressure sensor system. 
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* NOTICES * 

Japan Patent Office is not r sponsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s } 10ws word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] While carrying out straight-line approximation of the change of the pressure-of-induction-pipe force by 
making into an inclination the difference of the pressure-of-induction-pipe force which detected the pressure-of- 
induction-pipe force at the time of the fuel injection to a predetermined engine cylinder, and was detected last time, and 
the pressure-of-induction-pipe force detected this time The fuel -injection control method characterized by presuming 
the pressure-of-induction-pipe force at the time of the intake-stroke end of the above-mentioned engine cylinder, and 
computing the injection fuel quantity at the time of the above-mentioned fuel injection based on the presumed 
pressure-of-induction-pipe force from change of the pressure-of-induction-pipe force by which straight-line 
approximation was carried out. 

[Claim 2] The fuel-injection control method according to claim 1 which carries out primary lead compensation of the 
pressure-of-induction-pipe force by which presumption was carried out [ above-mentioned ] with the value 
proportional to the variation of the pressure-of-induction-pipe force, and computes the injection fuel quantity at the 
time of the above-mentioned fuel injection based on the compensated pressure-of-induction-pipe force. 
[Claim 3] The fiiel-injection control method according to claim 1 which compensates with the value proportional to 
each variation primarily both the pressure-of-induction-pipe force detected last time [ above-mentioned ] and the 
pressure-of-induction-pipe force detected this time, and carries out straight-line approximation of the change of the 
pressure-of-induction-pipe force from the difference of the pressure-of-induction-pipe force of the last time after 
compensation, and this pressure-of-induction-pipe force. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the method of performing optimal fuel-injection control, in 

the fuel injection of a D-J (JETRO nick) method about the fuel-injection control method. 

[0002] 

[Description of the Prior Art] D-J fuel injection computes the amount of inhalation of air to engine each cylinder from 
the pressure-of-induction-pipe force of a throttle-valve lower stream of a river, and carries out injection supply of the 
optimal fuel according to the amount of inhalation of air. In this case, the pressure-of-induction-pipe force detected by 
the pressure sensor prepared in the surge tank of an inlet pipe produces a big difference in the time of acceleration of 
vehicles etc. in the time of fuel injection, and the time of a predetermined engine cylinder finishing a charging stroke 
especially (distance delay). Therefore, in having injected fuel according to the amount of inhalation of air computed 
from the pressure-of-induction-pipe force at the time of fuel injection, since there are more amounts of inhalation of air 
actually inhaled by the engine cylinder, it becomes fuel RIN. Then, based on the dynamic physics model about an 
inhalation air content, to JP,1-271642,A, the pressure-of-induction-pipe force at the time of inhalation is presumed 
from the pressure-of-induction-pipe force at the time of detection, and what performs fuel injection based on the 
amount of inhalation of air computed from this is proposed. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in fuel-injection control given [ above-mentioned ] in an official 
report, since it is necessary to perform a quite complicated operation, there is a problem that a burden is large, with the 
microcomputer of vehicles loading. 

[0004] Moreover, although the filter from which a noise and a ripple are removed is usually prepared in the detector of 
the pressure-of-induction-pipe force, the difference between the amount of inhalation of air which the delay of the 
signal in this filter computed from the pressure-of-induction-pipe force further, and the actual amount of inhalation of 
air is increased (sensor delay). 

[0005] Then, the purpose of 1 of this invention presumes the pressure-of-induction-pipe force at the time of a cylinder 
charging-stroke end by the easy operation, compensates distance delay, and offers the fuel-injection control method 
which carries out injection supply of the optimal fuel quantity according to the amount of inhalation of air obtained 
based on the presumed pressure-of-induction-pipe force. Moreover, other purposes of this invention offer the fuel- 
injection control method which carries out injection supply of the fuel of optimum dose further by compensating the 
signal delay (sensor delay) in a filter. 
[0006] 

[Means for Solving the Problem] While carrying out straight-line approximation of the change of the pressure-of- 
induction-pipe force by making into an inclination the difference of the pressure-of-induction-pipe force which 
detected the pressure-of-induction-pipe force at the time of the fuel injection to a predetermined engine cylinder, and 
was detected last time with composition according to claim 1 , and the pressure-of-induction-pipe force detected this 
time From change of the pressure-of-induction-pipe force by which straight-line approximation was carried out, the 
pressure-of-induction-pipe force at the time of the intake-stroke end of the above-mentioned engine cylinder is 
presumed, and the injection fuel quantity at the time of the above-mentioned fuel injection is computed based on the 
presumed pressure-of-induction-pipe force. Moreover, with composition according to claim 2, primary lead 
compensation of the pressure-of-induction-pipe force by which presumption was carried out [ above-mentioned ] is 
carried out with the value proportional to the variation of the pressure-of-induction-pipe force, and the injection fuel 
quantity at the time of the above-mentioned fuel injection is computed based on the compensated pressure-of- 
induction-pipe force. Furthermore, with composition according to claim 3, both the pressure-of-induction-pipe force 
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detected last time [ above-mentioned ] and the pressure-of-induction-pipe force detected this time are primarily 
compensated with the value proportional to each variation, and straight-line approximation of the change of the 
pressure-of-induction-pipe force is carried out from the difference of the pressure-of-induction-pipe force of the last 
time after compensation, and this pressure-of-induction-pipe force. 
[0007] 

[Function] In composition according to claim 1 , since straight-line approximation of the change of the pressure-of- 
induction-pipe force was carried out and the pressure-of-induction-pipe force at the time of the intake-stroke end of an 
engine cylinder is presumed, an operation is simple, and if injection fiiel quantity is computed based on this presumed 
pressure-of-induction-pipe force, it will become the optimal amount according to the actual amount of inhalation of air. 
In the composition of claims 2 and 3, since primary lead compensation of the pressure-of-induction-pipe force is 
carried out with the value proportional to the variation, the signal delay (sensor delay) in the filter prepared in a 
pressure detection system is compensated, and still more suitable injection fuel quantity is obtained. 
[0008] 

[Example 1] The hard composition which realizes this invention method is shown in drawin g 1 . An air cleaner 2 is 
formed in the best style position at the inlet pipe PI of Engine E, and the throttle valve 3 is arranged into the inlet pipe 
which results in a surge tank P3 from this air cleaner 2. The pressure sensor 4 which detects the pressure-of-induction- 
pipe force is formed in a surge tank P3, and the fuel injection valve 5 is formed in the inlet manifold P4 which 
branches in each cylinder of Engine E from a surge tank P3, respectively. A gaseous mixture is supplied into an engine 
cylinder through an inlet valve 6. 

[0009] The air-fuel ratio sensor 8 is formed in the upper position of a three way component catalyst 7 at the exhaust 
pipe P2 of an engine, and the coolant temperature sensor 9 is formed in the water jacket of an engine E main part. 
[0010] An electronic control (ECU) 1 is formed and this consists of CPU 1 1, ROM 12, RAM 13, the backup RAM 14, 
and the I/O (I/O) ports 1 5 which were mutually connected by the data bus. The opening of the above-mentioned 
throttle valve 3 was detected by the opening sensor 3 1 attached to this, and is inputted into the 1/0 above-mentioned 
port 15. Moreover, each output signal of the above-mentioned pressure sensor 4, the air- fuel ratio sensor 8, and a 
coolant temperature sensor 9 is also inputted into above-mentioned I/O Port 15. This is countered, the rotational 
frequency sensor 21 is formed in the starter ring El which rotates synchronizing with the crankshaft of Engine E, and 
24 pulse signals are outputted to every 2 of an engine rotations (720 degrees) to above-mentioned I/O Port 15. CPU1 1 
computes an engine speed Ne and a crank angle based on this pulse signal. CPU1 1 determines the optimal fuel oil 
consumption based on each above-mentioned signal according to the below-mentioned control program by which the 
store was carried out to ROM 12, and carries out the open operation of the fuel injection valve 5 through I/O Port 15. 
[001 1] The procedure of the fuel-injection control in CPU1 is shown in drawing 2 . Drawing is what explained in detail 
the presumed procedure of the amount of inhalation of air which will be the requisite for fuel quantity determination, 
and this amount presumption routine of inhalation of air is started by the timer interruption for every toms. 
[0012] At Step 101, while reading the pressure-of-induction-pipe force Pm from a pressure sensor 4, the engine speed 
Ne at this time is obtained. At Step 102, difference deltaPm of the pressure-of-induction-pipe force is computed by 
lower formula **, and let this be the inclination of the pressure-of-induction-pipe force Pm which carried out straight- 
line approximation. 

deltaPm=Pm-Pmo .... It is the pressure-of-induction-pipe [ which is ** ] force with which Pmo was detected last time. 
[0013] At continuing Step 103, a pressure Pm is memorized as a pressure Pmo. It is the time (distance time delay) tl to 
inlet-valve 6 valve closing from the crank angle with which it checked whether the time of fuel-oil-consumption 
calculation had come at Step 104, it progressed to Step 105 when it was at the calculation time, and it was beforehand 
known to inlet- valve 6 valve closing (intake-stroke end), and the present engine speed. It computes. At Step 106, it is 
the above-mentioned distance time delay tl. It changes into the number of times n of thump RINNGU by lower 
formula **. 

n=t 1 / to ....** [0014] At Step 107, straight-line approximation of the change of the pressure-of-induction-pipe force is 
carried out, and pressure-of-induction-pipe force Pmso 1 in front of toms is computed [ number of times / n / the 
pressure-of-induction-pipe force Pm at the time of fuel-oil-consumption calculation, pressure-differential deltaPm, 
and / of a sampling ] for pressure-of-induction-pipe force Pms ? at the time of inlet- valve 6 valve closing from the time 
of inlet- valve 6 valve closing by lower formula ** at lower formula **, respectively. 

Pms f = Pm+n-delta Pm .... **Pmso -Pm+ (n-1) and deltaPm .. ** [0015] At Step 108, calculation presumption of the 

final pressure-of-induction-pipe force Pmt at the time of inlet-valve 6 valve closing is carried out from lower formula 
** 

m 

PmH^Pms'-Pmso 1 ) +Pmso ! .... ** ~ here, the 1st term of ** formula is a primary lead compensation term, and k is a 
constant determined in consideration of the amount of signal delay in the noise absorption filter prepared in a pressure- 
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sensor system 

[0016] At Step 109, the amount of inhalation of air is computed by the method better known than the presumed 
pressure-of-induction-pipe force Pmt, and a calculation decision of the fuel oil consumption which realizes a desired 
air-fuel ratio is made, taking engine-coolant water temperature etc. into consideration based on this. 
[0017] In this way, without making the burden of a computer increase according to this example, the pressure-of- 
induction-pipe force at the time of inlet- valve 6 valve closing can be presumed according to a simple operation, and the 
optimal fuel oil consumption can be obtained based on this. Moreover, since primary lead compensation of the final 
presumed pressure-of-induction-pipe force is carried out, it can make small influence of signal delay with the noise 
absorption filter prepared in a pressure-sensor system, and can obtain the thing near the actual pressure-of-induction- 
pipe force at the time of inlet-valve 6 valve closing. 
[0018] 

[Example 2] Although difference deltaPm of the pressure-of-induction-pipe force Pm was computed for every timer 

interruption in the above-mentioned example (Step 102 of drawing^ ), a calculation interval may not become size with 

sufficient short ** past ******** d e itaPm. Then, this example shown in drawing 3 aims at the solution. 

[0019] In drawing, after incorporating the pressure-of-induction-pipe force Pm and an engine speed Ne at Step 201 

started every 4ms, it checks in the time of fuel-oil-consumption calculation (Step 202), and if it is not at the calculation 

time, it will progress to Step 214, Counter count will be counted up, and processing will be ended. 

[0020] If it is at the fuel-oil-consumption calculation time, the detected pressure-of-induction-pipe force Pm is 

memorized as Pmf (Step 203), and from lower formula **, pressure-differential deltaPmf will be computed and let this 

be the variation of the pressure-of-induction-pipe force Pmf. 

deltaPmf=Pmf-Pmfo ....** — here, Pmfo is the last pressure-of-induction-pipe force 

[0021] Lower formula ** memorizes a pressure Pmf as a pressure Pmfo and performs primary lead compensation 
continuously at continuing Step 205. 

Pmt=k-delta Pmf+Pmfo ....**-- here, k is the same constant as the above-mentioned example 1 explained (refer to ** 
formula) 

[0022] At Step 207, pressure-differential deltaPmt is computed from lower formula **, and let this be the inclination of 
change of the pressure-of-induction-pipe force Pmt which carried out straight-line approximation. 
deltaPmt=Pmt-Pmto .... ** [0023] It is the time tl from the time of fuel-oil-consumption calculation (present) to inlet- 
valve 6 valve closing from the crank angle from which the pressure Pmt was memorized as Pmto, and it was 
continuously known for Step 208 to inlet- valve 6 valve closing (intake-stroke end) beforehand, and the present engine 
speed Ne. It computes (Step 209). At Step 210, the elapsed time to from the time of last fuel-oil-consumption 
calculation is computed by hanging 4 (ms) on the value of the counter count so far, and Counter count is reset (Step 
211). And calculation presumption of the pressure-of-induction-pipe force Pms at the time of inlet- valve 6 valve 
closing is carried out by lower formula ** at Step 212. 

Pms=Pmt+(tl / to) -deltaPmt .... ** [0024] At Step 213, the amount of inhalation of air is computed based on the 
presumed pressure-of-induction-pipe force, and a calculation decision of the fuel oil consumption which realizes a 
desired air- fuel ratio is made. 

[0025] since the difference of the pressure-of-induction-pipe force is performed for every time of the remote fuel-oil- 
consumption calculation which is an interval while there is the same effect as the above-mentioned example also by 
this example, sufficient difference can be acquired when pressure variation is relatively small 
[0026] In addition, although primary lead compensation of the detection value of the pressure-of-induction-pipe force 
is carried out first and the fuel oil consumption at the time of inlet- valve 6 valve closing was determined from the 
pressure-of-induction-pipe force after these compensation after that in this example, you may make the above- 
mentioned example 1 be the same as that of this. 
[0027] 

[Effect of the Invention] While being able to presume correctly the actual amount of inhalation of air in the transients 
at the time of vehicles acceleration etc. by the easy operation like the above according to the fuel-injection control 
method of this invention, it is possible to also remove the amount presumption error of inhalation of air resulting from 
signal delay with the noise rejection filter prepared in a pressure-sensor system. 
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